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Brain function involves the orchestration of neuronal signals within a complex array of distributed neural networks. Using functional neuroimaging techniques, such as functional magnetic resonance imaging (fMRI), a number of different measures of brain connectivity can be obtained. Functional connectivity is one commonly derived metric from fMRI, which is defined as the pair-wise correlation of blood-oxygenation-level-dependent (BOLD) time series between different brain regions. The phrase "what is wired together, fires together" is used to capture the essence of functional connectivity. Many papers equate a higher covariance between brain regions to reflect greater connectivity. While this is likely true, there are more factors that can influence measurements of functional connectivity.

For example, say that I plug my computer charger into the wall socket and watch as the green light comes on, indicating that a connection is made and my computer is charging. Using the mathematical models for functional connectivity, there would be strong "connectivity" between the voltage at the outlet and the transformer, as a result of the 50 Hz (60 Hz in the United States) alternating current (AC) signal. However, between the transformer and my computer, there would be essentially no "connectivity," as the signal is converted to direct current (DC), which has a stable voltage. Certainly, if there were voltage spikes or drifts that propagated between the transformer and the computer, then the correlations would be higher. This example, when applied to measurements of brain connectivity implies that if regions of the brain were to have constant communication with little fluctuation, similar to the DC example, brain regions would show low or no connectivity. This is especially true given that fMRI is relatively noisy. Fortunately, the "resting" brain is never static, but has fluctuations (often measured between the range of 0.1-0.01 Hz) between brain regions that derive consistent and robust functional connectivity networks.^[@bibr1-1179069519851809],[@bibr2-1179069519851809]^ Furthermore, these resting-state networks model very well with known connections derived from task-based functional MRI studies.^[@bibr3-1179069519851809],[@bibr4-1179069519851809]^

Within the past decade, a second form of functional connectivity, labeled "dynamic functional connectivity" (dFC) has emerged.^[@bibr5-1179069519851809],[@bibr6-1179069519851809]^ This type of functional connectivity could best be portrayed by the phrase "what is wired together, fires together ... unless of course at that time it's firing somewhere else." While a single neuron has spatially constrained connections, there are millions of neurons within a voxel of the dimensions that are typically used for functional MRI. While clusters of neurons within a single voxel may be firing with one brain region, other clusters may be firing with other brain regions ([Figure 1](#fig1-1179069519851809){ref-type="fig"}). Furthermore, there may be some periodicity of the firing between the different regions, with one cluster of connections showing greater dominance within a specific window of time and a different set of connections more dominant at another time. Thus, by applying, for example, a "sliding window" analyses to paired BOLD time series, the dynamic characteristics of brain connectivity can be elucidated.
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Both techniques of measuring "static" and dFC have been used to explore the underlying functional architecture in typical development and psychopathology.^[@bibr7-1179069519851809]^ While we use the term "static" functional connectivity (sFC), we point out that we are not referring to the BOLD time series being "static" in the same way as the DC example; but rather, we define sFC as using the entire time BOLD time series to derive the average connectivity between regions. However, we agree that the distinction between sFC and dFC can be somewhat arbitrary. Say that we collect a 5-minute 20-second resting-state fMRI (rs-fMRI) sequence, which we did in the first neuroimaging wave of the Generation R Study^[@bibr8-1179069519851809]^ and defined a series of sFC networks.^[@bibr2-1179069519851809]^ Subsequently, in a study of autism spectrum disorder (ASD), we used a 50-second sliding window to assess dFC.^[@bibr9-1179069519851809]^ However, had we collected rs-fMRI resting-state data continuously for an hour and used a sliding window analysis of 5-minute 20-seconds (the same duration as the total dFC sequence that we used in our study),^[@bibr8-1179069519851809]^ then the dFC window would yield many different versions of what we labeled sFC. While there is some debate regarding optimum time for sliding window analyses,^[@bibr5-1179069519851809],[@bibr10-1179069519851809]^ most brain networks reach stable^[@bibr11-1179069519851809]^ and replicable^[@bibr2-1179069519851809]^ characteristics of functional connectivity within 5 minutes.

The underlying neurobiology of psychopathology is often attributed to aberrant connectivity between brain regions.^[@bibr7-1179069519851809]^ But actually, at its core, brain function occurs through distributed neural networks and thus any disorder that affects behavior, emotion, or cognition is ultimately due to disrupted connectivity between brain regions. What is not known, however, is the nature of the disrupted connectivity or the brain regions involved in and between different disorders. Furthermore, it is not clear when during development, beginning in fetal life, that trajectories deviate from typical brain functional connectivity. Thus, it is crucial to embed studies of psychopathology within the context of typical brain development so as to better understand when during the development of functional connectivity that deviations take place.

One approach to define brain connectivity within the pediatric population at large is to nest neuroimaging studies within large population-based studies of child development.^[@bibr8-1179069519851809]^ The advantage of population-based studies, and especially birth cohorts, is that the results, by definition, are more generalizable to the population.^[@bibr12-1179069519851809]^ Birth cohorts, dependent on the level of attrition, provide less bias compared with case/control studies that compare children with specific disorders to "super-controls" or extremely healthy and high functioning controls who are often much easier to recruit. In addition, birth cohorts offer the ability to study psychopathology across the continuum, as non-help-seeking children with subclinical symptoms are present in the general population.^[@bibr13-1179069519851809]^

We recently explored both static and dynamic connectivity in a large population-based study of child development, which included a group of children with ASD.^[@bibr9-1179069519851809]^ To embed the study within typical development, we first assessed age- and sex-related differences in both sFC and dFC in the general population. Reassuringly, we found that the sFC and dFC analyses revealed network patterns similar to those seen in adults. Furthermore, the older children spent a greater amount of time in dynamic network states that have been shown to be associated with greater developmental maturity.^[@bibr14-1179069519851809]^ Compared with typically developing children, however, children with autistic traits showed a mixed pattern of both higher and lower sFC in different regions of the brain, which has also been described in the literature.^[@bibr15-1179069519851809]^ In the dFC analysis, we found that children with ASD had a greater dwell time in a hyperconnected state, meaning connectivity patterns in these children with autistic symptoms tended to "dwell" longer in states with high levels of connectivity both between and within networks. Thus, we address the question as to how to make sense of these findings in children with autistic traits within the context of static and dynamic network connectivity and typical development?

First, what does it mean if some regions show higher sFC, whereas others show lower dFC? One possibility is that children with autistic symptoms use different networks than typically developing children, possibly due to specific nodes that are less efficient and thus other areas take over. An overall different network pattern would result in a mixed pattern of higher and lower sFC between typically developing children and children with ASD. But are the sFC patterns consistent across studies? While previous studies point to the default mode network (DMN) as a network most implicated in ASD, even this network shows both hyper- and hypo-connectivity in ASD.^[@bibr15-1179069519851809]^ We did not find abnormalities in the DMN, but rather decreased connectivity between the insula and supramarginal gyrus, consistent with task-based fMRI studies.^[@bibr16-1179069519851809]^

Findings from our dFC analysis showed that children with autistic symptoms spent more time in what we labeled as a "globally disconnected state," which includes a globally disconnected DMN. Greater time in a globally disconnected state could be a result of a number of different reasons. Younger children spend greater time in a globally disconnected state, and thus, children with higher autistic symptoms may show less brain maturity. Alternatively, there may be differences in the intrinsic timing of the brain such that periods exist with less synchronicity between brain regions. A globally disconnected state should not be equated to a nonfunction brain, but rather the connectivity between different regions becomes either highly stable with little change or noisier.

In summary, measurements of both sFC and dFC can provide a unique glimpse into brain function in typically developing children and aberrant connectivity patterns in children with psychiatric or neurological disorders. Our dFC results showed that both younger children and those with greater autistic symptoms spend more time in a globally disconnected state.^[@bibr9-1179069519851809]^ As children with greater autistic symptoms also show immaturity in cognitive performance,^[@bibr17-1179069519851809]^ the findings related to autistic symptoms may not necessarily be illness specific, although future longitudinal studies will be extremely beneficial in assessing this relationship. The great challenge for both sFC and dFC is the presence of many variables related to both typical brain development and emerging psychopathology, considerable heterogeneity in both clinical characteristics and functional brain patterns during development, and the relationship of these factors within the context of individual differences between children. These factors will need to be fully explored to better understand psychopathology nested in brain developmental trajectories and within an individual. Large population-based studies of child development can help define both the typical developmental trajectories as well as the level of heterogeneity within the general population so as to better understand brain wiring gone amiss.
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